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QUANTUM PHYSICS, THE IDENTITY OF INDISCERNIBLES, AND 


SOME UNANSWERED QUESTIONS 


A series of papers in Philosophy of Science has debated whether quantum 
physics showa there to be something wrong with Leibniz's principle, that 
things which agree in all their properties and relations are identical. To 
begin with, I think we can learn something by considering a somewhat dif- 
ferent example from the one on which the previous authors have focused. You 
and I hold the two ends of a rope and at the same moment each of us gives 
our respective ends a little shake. This produces two waves which travel 
away from each of us, merge in the middle in a single bump, pass through 


each other, and continue on down the rope. 


Now one might think of arguing as follows: When the two waves merge in 
the middle, there is no property which one of them has at that time which 
the other lacks. The two are utterly indistinguishable. So two things, my 
wave and your wave, can share all their siepereness and Leibniz's ’ prinniore 
is shown to be false. ¥ 

A defender of Leibniz's principle might object, arguing that even when 
the waves are merged, mine has the historical property of having come from 


my end, and yours from yours; and that this individuates the waves. But the 


opponent will reply that there is nothing about ‘the wave coming towards me 
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after merging in the middle which makes it the same as the one that started 
out at your hand. To see this, consider that we could have produced the bump 
in the middle, or one exactly like it, in other ways. For example, if we had 
jerked the middle of the straight rope in just the right way two waves would 
have emerged, exactly as in the original example, one traveling toward me and 
the other towards you. All we can say about the original example is that the 
two initial waves fed into a bump in the middle, which could, in principle, 
have been caused in other ways, that two waves came out of this middle bump, 
and these traveled out towards the two ends of the rope. Since we cannot dis- 
tinguish the parts of the bump in the middle, there is nothing distinctive 
about the parts which makes ofe of them the one produced by my wave and the 
other the one produced by yours. 

The debate continues. The defender objects that the last argument confuses 
metaphysics with epistemology. We may not be able to tell at the bump in the 
middle which part came from where, But if, as we are assuming, the bump is 
composed of eu distinct waves put together, then one has the property of having 
come from my side and the other from yours, These pueeceles individuate the 
parts, as,well as the waves that emerge. The objector protests, however: It 
is not just that in practice we can't distinguish one part from another in the 
bump in the middle. In principle, no characteristics available while the bump 
exists serve to individuate the parts. This makes a difference, for metaphysi- 
cal questions - how we chose or how we’ are objectively well advised to cut up 
the world into parts - may very well depend, among other things, on what exem- 
plified characteristics there are which could at least in principle serve to 
individuate the parts. At the very least, we have been given no reason to 
think this wrong. Given this, and given the absence at the middle bump of in- 


dividuating characteristics which are exemplified at the moment, it just begs 
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the question to say that the bump's parts are individuated by differences in 
some historical property. Given the unavailability at the moment of any way 
of distinguishing the two parts and saying which came from which side, what 
reason could there be for saying that one part has the property of having come 
from my side and the other part from yours? 

All this ought to seem a bit silly. By this time many readers will want 
to give these two thick heads a good crack on the skull as the only apparent 
way to get them to ask, "Why say there are two waves composing the bump in the 
middle as opposed to two prior waves added to together to get a partless whole?" 
While this is surely the right first response, the issue is actually a bit 
more complicated, and not restricted to just the bump in the middle. We can 
understand the situation best if we take a moment to understand what physicist's 
call a Fourier decomposition of a wave rocesay The simplest kind of wave to 


describe mathematically is a regular undulation, 


described by the trigonometric sine function, with a whole number of complete 
wave lengths (the distance from wave crest to wave crest) between the ends of 
the rope. Such a wave process is characterized by its wave length and its fre- 
quency (the number of times a second a point moves through a complete cycle from 
high point, to low point and back to its original high point), the rope may ex- 


hibit such sine waves with one wave length, two, three, or, indeed any number: 
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a The fact that we need is that any wave can be described as a weighted sum 
of these simple sine waves. In particular this applies to our initial example. 
When we shake the two ends of the rope we set up a system of waves, described 
by an infinite weighted sum of sine waves, each with its characteristic wave 
length and frequency. This sum, describing one wave process taking pace over 
time, describes first our two "separate" waves, then the bump in the middle, 
and finally the two waves which emerge from the middle. When described this 
way, there is no more reason to count my wave and your wave, as they leave our 
hands, as separate, than to count the bump in the middle as being composed of 
two parts. 

One could, of course, count each component of the total process as a 
separate entity, each with an individuating frequency and wave length. But it 
is important to appreciate that there is fStbing anigee about such a decomposi- 
tion: One can similarly analyse such a eescas tines parts in indefinitely many 
ways. In many respects this is just like the situation with physical objects, 


1 ‘ 
which after all can be decomposed in indéfinitely many ways into physical parts, 


temporal parts, and combinations of the two. Given epiectione of the parts, 
we can stick them back together in various ways, some of which will be webl 
motivated and some not (e.g., me until 1985, Cheryl Tjags thereafter). Simi- 
laxly we can, in various ways, compose parts of the total wave process, or 
parts taken for parts of the time; and each of these eomssene one sitll be sensi- 
ble or not depending on contextual factors, such as the causal history of the 
situation. Given the causai! history of the original example, it may well make 
sense to lump together the part of the wave process moving away from my hand, 
before and after passing through the middle. Given another causal history 
(smashing the bump in the middle and then quickly jerking the rope to cause a 
similar process to continue) such an amalgamation might make less sense. The 


’ ag 
situation is very similar to that in which two highways,\US 99 and state 120, 


Simp merge for some a us a9 
aR 
Us 94 Stale 120 


We sensibly describe the right lower branch and the left upper branch as both 

parts of the same entity, US 99, given relevant causal history, such as govern; 

ment agency responsible for building, source of funding, aad the like. But it 

would be crazy to say that the joint stretch, us 99 - State 120, as. ceaeaes 

of utterly indistinguishable parts. which eHesay provided a counter example 

to Leibniz's:; principle. (The example is taken from Lewis (1976) p 27.) 
Though my initial example is, in itself silly, it serves to bring into 

fecent 
focus some facits of the)debate on Leibniz's principle. Cortes (1976) proposed 
a counter example with very much the same structure as my rope trick, but with 
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a great deal greater prima facie plausability because it used particles instead 


of waves. In place of my bump in the middle he had a two particle state, com- 
posed of two particles in exactly the same physical state. Given that the case 
involved two particles instead of waves, there ii much less temptation to say 
that there was a partless sum, or anything like a Fourier analysis of the situ- 
ation. Cortes considered and rejected the objection based on historical pro- 
perties, and Barnette (1978) reacted with the Bain about confusing metaphysics 
with epistemology. I won't trouble with the details of their exchange, since 

I think I have mirrored it very faithfully in the discussion of my example. 

No one published what- corresponds to my reply to the claimed confusion between 
metaphysics and epistemology, though I think it is a line that Cortes might have 


consistently pursued. 


However, Cortes was able to say what he wanted about two particles be- 6 
cause he appealed to a very strange kind of particle - light quanta, or photons 
(any kind of bosons - e.g., alpha particles - would do). He unblinkingly refers 
to photons as particles. But are they? Photons are described by quantum theory 
as having both particle like and wavelike aspects, and the possibility of a 
two particle state with both particles in the same state arises only because 
these "particles" are also "waves". More specifically, particles in quantum 
enanied are described by “state functions" which are wave descriptions. Thus 
two "particle" states may add up, or superimpose, to form a new state, in just 
the way that two wave patterns on the rope may merge to form a new whole. We 
get a two particle state with both particles in exactly the same state only by 
virtue of a description of state by a wave function which is analysable as two 
one particle waves superimposed. It is true thee photons also have particle 
like aspects. But we have cause for worry heres) If a wave description is the 
appropriate one in this situation, Cortes's example threatens to come undone 
as a counterexample to Leibniz's principle in exactly the way my rope example 
came undorie. 

The issue is a delicate one because no one has been able to'squeeze out - 
of orthodox quantum mechanics a really satisfying account of how wave and par- 
ticle aspects relate within the theory. Perhaps we can do better by turning 
to our most detailed account of change of particle states, quantum field theory. 
Indeed, Ginsberg (1981) has already done so in a, response to Barnette. Barnette 
had said that two particles, coming from A and B respectively and entering 
identical states at time t, could nonetheless be distinguished during interval P 
by virtue of their historical properties of having come from A and 1 2assss==Srph= 


Time c a D 


Position 


Ginsberg objects: According to quantum field theory any change of state is des- ; 


cribed by so-called creation and destruction operators. Suppose we start with 


a particle in state 1 and end with a particle in state 2. In quantum field 
theory this is always described by saying that the particle in state 1 is 
destroyed and a particle in state 2 is created. In particular, at Barnette's 
time th the two initial particles are destroyed and two new identical particles 
are created. Since the particles are distinct before and after tye neither 
particle during P can have the property of having ¢ome from A and B. The 


two identical particles created at t, (and we may suppose destroyed at t ) 


all 
have all their properties in common throughout their whole existences, and so 
provide a counter example to Leibniz's principle. 

There is an initial worry about Ginsberg's argument that has nothing to 
do with the mysteries of quantum field theory. As we already noted, we can 
string together distinct parts in iba ways to make wholes. This holds for 
temporal parts of objects conventionally conceived. We can consider temporal 
stages as independently existing things to be grouped together in larger indi- 


viduals in various ways, which ones counting as sensible depending on the 


circumstances .* 


2 
*In some unpublished lectures Kripke argues that it is a matter of objective 
eaeb and ade convention which grouping are seneipia and which are not, that it 
is a matter of metaphysics and not just epistemology . To give the barest out- 
line of what I take to be his main argument, consider the old rotating bucket- 
full of water (which need not be in an otherwise empty universe). Depending on 
how we put together the time slices, the bucket will come out as rotating or not 
rotating. But whether or not the water creeps up the side of the bucket is 


explained by its rotation. The same point can also be made with linear acceleration 


i 
In fact, we could mimic quantum field theory and describe each temporal state as 


being "destroyed" just as the next was being “created". Conversely, the destroyed 
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and created objects of quantum field theory can be grouped together to compose 
enduring individuals. Indeed, the created and destroyed objects of quantum 
field theory are, as Ginsberg notes, changeless. So we will have to string 
them together into larger individuals if we are to describe a world in which 
anything undergoes change. 

But much more importantly, the interpretation of quantum field theory's 
creation and destruction operators needs some careful scrutiny. When the 
theory ascribes operation of one of these operators, what exactly is created 
or destroyed? Physicists almost always say "particles". But this answer does 
not do justice to the wavelike aspects of the theory in which quantum field 
theory indulges at least as much as conventional quantum mechanics. To under- 
stana this we need the notion of an excitation of a field. According to quantum 
field theory, the world can exhibit wave processes. That is, the world is, not 
exactly a medium, but a situation in which wave states can occur. In more detail, 
the world can be described as a collection of oscillators. Think of them as 
individual pieces of rope or string stretched out between pegs, so that each 
strand can enter into a state of vibration. Unlike the oes of our initial 
example, however, each oscillator can support wave patterns of only one wavelength 
and frequency. Now think about one of these pieces of rope, or oscillators 
on which no vibration is taking place. If we pluck it, it starts to vibrate. 
We say that it is now in an’ excited state. Its vibratory state of excitation 
may be further increased or decreased. Quantum field theory describes the 
universe as being a colleétion of such re with the peculiarity that 
their states of excitation cannot be changed continuously but only in discrete 
units. The operation of creation and destruction operators need not be under- 
sttod as creating and destroying particles, but as increasing and decreasing 
by one unit the level of excitation of the oscillators that compose the universe 
or field. These units of field excitation are thencalled “quanta” of the field 


or "particles". These quanta (to try to use a neutral term) are like particles 
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the one hand, and on the other the all or nothing character of holism and its 
opposite, what I call pluralism. Two objects are individuatable when one has 
a property which the other lacks. According to quantum mechanics, two rela- 
tively large objects are virtually certain, at any given time, to exhibit 
distinct properties. The chances for their not doing so may be compared with 
the chances of all the molecules of the air in this room rushing off into the 
corner, through a statistical mechanical fluke. But for smaller superimposed 
objects the chances for exhibiting distinct properties can be less, so that 
the chances for quantum holism to manifest itself rise to significant levels. 
Or one might approach the problem through the related issue of how difficult 
it is to put "two objects" into a superimposed state. This is out of all prac- 


ticable possibility for even things as big as a large molecules, but quite 


i 
{ 


feasible if the objects are small enough. i 
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Anyone who has worked on these problems will know at a glance how hard it 
will be to fill out these suggestions. At the moment I put them forward as 
speculations meant to further whet the appetite for work on what I think are 


some of the most fascinating interpretive problems we face today. 
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